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Abstract—Agriculture-related pollution is among the major causes of global amphibian population declines. The multiple stressors to
which amphibians are exposed in the ﬁeld, such as predation pressure, can make agrochemicals far more deadly than when they act in
isolation. Even within a small area, diffuse agricultural pollution does not affect all aquatic environments equally, which could account
for local differences in amphibian sensitivity to agrochemicals. We examined the combined effects of ammonium nitrate fertilizer (0 to
45.2mg N-NHþ4 /L) and predator stress on larval Western spadefoot toad (Pelobates cultripes), using adult caged male marbled newts
(Triturus marmoratus) as predators. We compared the interaction between both stressors in tadpoles from two ponds separated by 3 km.
No signiﬁcant mortality was observed (survival> 80% in all cases). Local differences were detected when analyzing larval growth, with
a signiﬁcant interaction between factors for one of the two populations tested (Fornillos de Fermoselle). Although tadpoles exposed to
45.2mg N-NHþ4 /L were 7% smaller than controls, the presence of predators from a foreign community resulted in animals 15% larger
than those raised without predators after 15 d of experiment. Interestingly, predators from the same community as the tadpoles did not
affect larval growth. The length of the tadpoles from a nearby location (Ma´moles) was unaffected after exposure to ammonium nitrate
and predatory stress. Environ. Toxicol. Chem. 2011;30:1440–1446. # 2011 SETAC
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INTRODUCTION
Animals in their natural habitats are not usually exposed to a
single pollutant, but to various substances whose combination
can have additive, synergistic, or antagonist effects [1]. Even
when a single pollutant occurs in the environment, natural
stressors such as predators can indirectly inﬂuence the ﬁnal
response of organisms to contaminants. For example, lethality
of some insecticides such as carbaryl or malathion to nontarget
organisms, such as amphibian tadpoles, can be synergistically
increased in the presence of predator cues. Relyea [2] reported
for larval gray tree frog (Hyla versicolor) a median lethal
concentration (LC50) for malathion of 4.13mg/L after 16 d.
However, when larvae were exposed to predatory cues, the 16-d
LC50 dropped to 2.00mg/L malathion. The 16-d LC50 values
for larval bullfrogs (Lithobates catesbeianus) exposed to car-
baryl were 2.3mg/L without predator cues and 1.0mg/L with
predator cues. Carbaryl at 1.6mg/L was eight times more lethal
to larval green frogs (Lithobates clamitans) when combined
with predator cues than when added as a single stressor [3].
Predatory stress is a common natural stressor that can
enhance the effects of certain substances on amphibians. Tad-
poles are known to modify their phenotype, including their
behavioral, physiological, and life-historical traits, in order to
reduce predation risk (see Lima [4] and Van Buskirk [5] for
review). Such responses are known to have profound effects on
the ﬁtness of the responding organisms [6], which could ulti-
mately compromise their ability to metabolize and detoxify
pollutants. Furthermore, pollutants with neurotoxic potential
may alter the antipredatory responses of individuals by affect-
ing either their ability to detect predators or their ability to
escape from them. Raimondo et al. [7] observed that swimming
speed of L. catesbeianus tadpoles was reduced by exposure to
efﬂuents from coal combustion plants enriched with different
heavy metals. Lefcort et al. [8] reported that moderate levels of
Zn (15 ppm) and Pb (5 ppm) resulted in a decreased fright
response of Columbia spotted frog (Rana luteiventris) tadpoles
to chemical cues emanating from predacious rainbow trout
(Oncorhynchus mykiss). Verrell [9] found that long-toed sala-
mander (Ambystoma macrodactylum) larvae hatched from eggs
exposed to the insecticide methoxychlor remained motionless
after repeated prodding, resulting in their being more prone to
ingestion by larval dragonﬂy. In summary, a long list of
examples illustrate the effects of toxicants on the ability of
tadpoles to deal with predators [10].
Environmental pollution may also show indirect favorable
effects on speciﬁc organisms by affecting their predators or
competitors. For example, Mandrillon and Saglio [11] observed
that concentrations of the herbicide amitrole  1mg/L contrib-
uted to increased survival probabilities of tadpoles by signiﬁ-
cantly reducing the predatory behavior of larval ﬁre salamander
(Salamandra salamandra). Relyea and Hoverman [12] deter-
mined experimentally the impact of malathion levels ranging
from 0.13 to 0.46mg/L on aquatic communities containing
phytoplankton, periphyton, and 27 species of animals (16
zooplankton, ﬁve snails, three amphibian tadpoles, and three
predatory insects). Larval Northern leopard frog (Lithobates
pipiens) were indirectly affected by a decrease in zooplankton
diversity and abundance, which propagated an increase in
phytoplankton and a subsequent decrease in periphyton—the
main food source for tadpoles. However, these authors found
an apparent trait-mediated indirect effect whereby increased
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amounts of the pesticide reduced predation rates on tadpoles.
Grifﬁs-Kyle and Ritchie [13] applied ammonium nitrate fertil-
izer to six ponds, keeping another six free from the chemical,
and analyzed the response of aquatic stages of wood frogs
(Lithobates sylvaticus) and tiger salamanders (Ambystoma tigri-
num). They found that although L. sylvaticus tended to have
lower survival at experimentally elevated ammonium nitrate
levels, A. tigrinum did not experience signiﬁcantly reduced
survival, although their larval development was slowed in
response to elevated ammonium nitrate and the abundance of
large invertebrate predators. These authors concluded that such
variations in species susceptibility to ammonium nitrate fertil-
ization could have large indirect effects on aquatic community
structure through modiﬁcation of competitive or predator–prey
relationships.
Ammonium nitrate is one of the most commonly used
fertilizers worldwide, and its application on crop ﬁelds has
increased in parallel with the use of inorganic nitrogenous
fertilizers. Excess ammonium nitrate ﬂows via runoff into
nearby water bodies, where nitrogen concentrations may reach
levels harmful for aquatic wildlife [14]. Ammonium nitrate is
known to produce deleterious effects on anuran tadpoles,
including increased mortality, anatomical abnormalities, and
delayed growth and development [15]. Several studies have also
pointed to the negative effects of ammonium nitrate on larval
activity, including some articles investigating how tadpoles
may respond to ammonium nitrate and predatory stress inter-
actions. Burgett et al. [16] reported reduced activity in larval
L. sylvaticus exposed to 8.75mg N-NHþ4 /L as ammonium
nitrate, although this response was independent from the pres-
ence of predator cues. Ortiz-Santaliestra et al. [17] demon-
strated that Iberian painted frog (Discoglossus galganoi) and
Western spadefoot toad (Pelobates cultripes) tadpoles exposed
to 45.2mg N-NHþ4 /L were consumed by crayﬁshes faster than
nonexposed individuals. In addition, exposure to the fertilizer
inhibited the predator-dependent escape response in larval
P. cultripes.
The aim of the present study is to analyze the inﬂuence of the
presence of predators (adult male marbled newts [Triturus
marmoratus]) on larval susceptibility to ammonium nitrate
exposure in two nearby populations of P. cultripes. To the best
of our knowledge, nothing is known about what kind of cues
P. cultripes tadpoles use to detect predators. Nevertheless, the
aforementioned results of Ortiz-Santaliestra et al. [17] sug-
gested that the exposure to ammonium nitrate made tadpoles
more susceptible to predation by compromising their escape
response rather than impairing their ability to detect predators.
Pelobates cultripes is a common species in agricultural areas
in the Iberian Peninsula and Southern France ([18]; http://
www.vertebradosibericos.org/), where it breeds in temporary
ponds susceptible to receive high inputs of inorganic nitrogen
from fertilizer runoff. Previous studies analyzing the sensitivity
of embryos and larvae of the species to ammonium nitrate
fertilizer show considerable variation between populations.
Thus, individuals from Western Spain exposed for at least 12
d to 45.2mg N-NHþ4 /L did not exhibit signiﬁcant mortality
[15,17], whereas hatchlings from Southern Spain exposed to the
same concentrations suffered increased mortality (> 60%) after
only 8 d of exposure [19].
Species or population adaptation driven by selection pres-
sures such as predatory stress is a well-known phenomenon
[20]. However, the potential adaptation to chemical stress
originated from anthropogenic pollution is an unresolved issue
[21], and the reasons underlying intraspeciﬁc differences in
susceptibility to contaminants, such as those shown by ammo-
nium nitrate–exposed P. cultripes, are still to be elucidated.
Geographic variation in levels of certain pollutants, including
ammonium nitrate, may result in variation in the ability of
populations to overcome the toxic effects [22]. However,
whether this acquisition of tolerance may occur on a local scale
remains unknown. Although nonpoint sources of pollution
such as agriculture usually affect ecosystems within a wide
area, other potential stressors such as predators may show
variable distributions on a local scale. If the toxicity of certain
chemicals may be inﬂuenced by these stressors, interpopulation
variability in sensitivity to pollution on a local scale should be
investigated.
MATERIALS AND METHODS
All protocols used in the present study were in accordance
with Directive 86/609/CEE of the European Council concerning
the protection of animals used for experimentation, and with
further modiﬁcations. The Department of Environment of the
Castilla y Leo´n region, Spain, provided the permits for collect-
ing the animals (collection permit reference code E.P.-268/04
[IS]).
In March 2005, we collected fragments of 10 P. cultripes
clutches from two different locations (ﬁve clutches from each
location) in the Arribes del Duero region (Western Spain). The
collecting places were two temporary ponds located in Fornillos
de Fermoselle (4182105200N, 681900700W; hereafter FF) and
Ma´moles (4182303500N, 681803500W; hereafter MA) that had
been created in 1999 as part of a conservation action plan to
improve feeding places for the endangered black stork, Ciconia
nigra. These ponds were monitored during the years 2002
and 2003 as part of another study [23] and during that
period the following chemical variables were taken monthly
from both ponds: pH (pH meter Hanna HI 8314; Hanna
Instruments), dissolved oxygen (oximeter Handylab OXI/Set;
Schott-Gera¨te), conductivity (conductivity meter Hanna HI
9835; Hanna Instruments), total hardness (test Visocolor
ECO 9310029; Macherey-Nagel), total ammonium (test Viso-
color ECO 9310008; Macherey-Nagel), nitrate (test Visocolor
ECO 931041; Macherey-Nagel) and nitrite (test Visocolor ECO
931044; Macherey-Nagel). At the time of egg collection, we
took an additional measurement of these parameters from
each pond.
The eggs were taken to the laboratory where they were
introduced into aquaria with 30 L of water ﬁltered with acti-
vated carbon to remove nitrate, ammonium, and chloride. The
laboratory temperature was set at 208C and windows provided a
natural photoperiod. Animals from each population were tested
separately, with the experimental conditions being identical for
both sets of animals.
Individuals were raised for 30 d until they reached the free-
swimming larval stage (stage 25 according to Gosner [24]).
From the time of hatching, we fed the larvae ad libitum with
boiled lettuce. For each experiment, we initially selected 500
larvae of similar size (100 larvae per clutch from the same
population) which were put together in an aquarium. After-
wards, we selected 324 larvae of these 500 that were randomly
distributed in the 27 aquaria (350 170 200mm) containing
7 L of water ﬁltered with activated carbon, in such a way that
each tank contained 12 larvae at the beginning of the experi-
ment. We repeated the same procedure of selection and dis-
tribution of larvae among tanks for each experiment. To
estimate the larval size at the beginning of the experiment,
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we randomly selected 25 out of the 176 remaining larvae per
population and measured their snout-vent length with a digital
caliper ACHA1 17–264 to the nearest 0.01mm. Mean ( 1SE)
snout-vent length was 14.06 ( 0.13) mm for FF individuals and
13.54 ( 0.12) mm for MA ones.
As mentioned above, we used adult male T. marmoratus as
predators. We collected newts from two different localities: FF
(the same pond as P. cultripes larvae from this locality), and
Miranda del Castan˜ar (4082901000N, 585903700W) located
> 100 km away from the P. cultripes origin ponds.We collected
nine newts from each location within the 48 h before the
beginning of the experiment. The newts were weighed upon
collection with a digital balance Acculab1 VIC-303 (Acculab)
to the nearest 0.001 g.
Each aquarium was randomly assigned to a nominal ammo-
nium nitrate concentration (expressed as milligrams of ammo-
niacal nitrogen: 0, 11.3, or 45.2mg N-NHþ4 /L). We used 99%
(w/w) ammonium nitrate salt (Merck) to prepare a stock
solution that was pipetted into experimental aquaria to get
the nominal concentrations. The nine aquaria corresponding
to each ammonium nitrate concentration were randomly
assigned to one of the three predator treatments: no predator,
predator from FF, or predator from Miranda del Castan˜ar.
Therefore, each combination of treatments (ammonium nitra-
te predator) was replicated three times in each experiment.
In each aquarium, we introduced a plastic cage
(140 90 82mm) with a gap size big enough to allow water
circulation but small enough to prevent tadpoles from swim-
ming into the cage. The cages were attached to the aquarium
walls to provide some space out of the water that allowed the
newts to breathe. The cages included a removable tray under the
bottom that was used to remove the excess newt food. In each
cage, we introduced a newt from the location designated by the
treatment. In aquaria where no newts had to be introduced, the
cages were kept empty. The newts were kept in their cages
within experimental aquaria for the entire experiment.
The experiment lasted for 15 d.We followed a static-renewal
design with complete water changes on days 5 and 10 of
experiment. The concentrations of N-NHþ4 in each aquarium
were measured right before each water change, as well as
water pH and dissolved oxygen. During the experiment, larvae
were fed ad libitum with boiled lettuce and newts were fed daily
with 0.2 g lyophilized chironomid larvae (MBF Bvba). The
same amount of newt food was added to the empty cages in the
control tanks. Excess food and excrement were removed daily
by removing and rinsing the tray at the bottom of the cage.
We checked daily the number of survivors and removed the
dead larvae from the aquaria. At the end of the experiment, we
measured the snout-vent length of survivors with a digital
caliper ACHA 17–264 to the nearest 0.01mm. The increase
of larval mortality over time was analyzed with a repeated
measures analysis of the variance (ANOVA) with the popula-
tion of origin of tadpoles, the ammonium nitrate concentration
and the presence of newts as categorical factors. Larval growth
was analyzed with a three-way ANOVA with the snout-vent
length at the end of the experiment as the dependent variable. To
know which speciﬁc levels of each factor caused signiﬁcant
effects, we used honestly signiﬁcant difference (HSD) Tukey
post-hoc tests when necessary. To meet the assumptions of
parametric statistics, we applied an arcsine of square root
transformation to mortality rates and a logarithmic transforma-
tion to larval lengths.
RESULTS
Field data on chemical parameters of the study ponds
retrieved during 2002 and 2003 revealed a greater nitrogen
load at FF than at MA, with the rest of the parameters being very
similar between sites (Table 1). Measurements taken at the time
of egg collection conﬁrmed the higher nitrogen load at FF
(ammonium¼ 1.0mgN/L; nitrate¼ 10.0mgN/L; nitrite¼
0.15mgN/L) than at MA (ammonium¼ 0.1mgN/L; nitrate¼
2.0mgN/L; nitrite¼ 0.05mgN/L). With the exception of con-
ductivity at Ma´moles (99ms/cm), the rest of water parameters
measured at the time of egg collection were within the ranges
obtained during the 2002–2003 monitoring.
Water pH in the experimental aquaria was not affected by
either the addition of ammonium nitrate or by the presence of
newts. Mean ( 1SE) pH was 6.834 0.018 for FF and
6.829 0.019 for MA. Neither the presence of newts in the
aquaria nor the addition of ammonium nitrate affected the
dissolved oxygen level in the water. Mean ( 1SE) dissolved
oxygen per treatment varied from 5.690 ( 0.050) to 5.779
( 0.059) mg/L in the FF experiment, and from 5.676 ( 0.047)
to 5.763 ( 0.060) mg/L in the MA experiment. The ANOVAs
conﬁrmed the absence of predator- or ammonium nitrate-related
differences in pH and dissolved oxygen (p> 0.05).
None of the newts in any of the experiments showed
symptoms of intoxication. All the animals were released back
to their original ponds once the experiment had ﬁnished and
after 10 d of observation in the laboratory. Mean ( 1SE)
concentrations of N-NHþ4 L per treatment right before the water
changes were 1.57 ( 0.50), 8.58 ( 0.56) and 36.57 ( 1.52)
mg/L in the FF experiment, and 1.57 ( 0.65), 8.89 ( 0.83) and
36.39 ( 1.50) mg/L in the MA experiment. The presence of
newts in the aquaria did not affect nitrogen levels in the water in
either the FF ( F2,24¼ 0.014; p¼ 0.986) or the MA experiment
( F2,24¼ 0.109; p¼ 0.897). The fact that the presence of newts
Table 1. Summary of water parameters obtained after pond monitoring during 2002 and 2003 (G. Alarcos, University of Salamanca, Spain, unpublished data).
Fornillos de Fermoselle: 4182105200N, 681900700W. Ma´moles: 4182303500N, 681803500Wa
Variable Units
Fornillos de Fermoselle Ma´moles
Mean Range Mean Range
pH 8.00 6.509.57 7.99 7.009.10
Dissolved oxygen mg/L 7.40 5.4310.30 7.15 5.9410.70
Conductivity mS/cm 72.4 26.3114.8 44.0 26.272.0
Total hardness mg CaCO3/L 21.6 18–36 21 18–35
Ammonium mg N/L 0.98 BDL–3.00 0.08 BDL–0.20
Nitrate mg N/L 0.13 BDL–0.50 0.01 BDL–0.02
Nitrite mg N/L 3.8 BDL–15.0 0.4 BDL–2.0
a BDL¼ below detection level.
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did not affect either the dissolved oxygen or the variations from
nominal nitrogen concentrations reveals the appropriateness of
the water volume established to carry out the experiment, as
well as of the daily cleaning of food rests and newt faeces from
the aquaria.
Newts from Miranda del Castan˜ar showed bigger masses
(FF experiment: 7.76 1.83 g; MA experiment: 7.11 1.11 g)
than those from Fornillos de Fermoselle (FF experiment:
4.57 0.96 g; MA experiment: 4.97 1.21 g). Mean body mass
of newts used as predators, considering those from both local-
ities altogether, did not differ among ammonium nitrate
treatments (FF experiment: F2,15¼ 1.256; p¼ 0.313; MA
experiment: F2,15¼ 0.328; p¼ 0.726).
Neither the addition of ammonium nitrate nor the presence
of predators in the aquaria affected larval survival in any
population (Table 2). Mortality rates were always lower than
20% regardless of the treatment to which tadpoles were exposed
(Fig. 1).
We detected different responses between populations when
analyzing the effects of the stressors on larval growth (Table 3).
Analyses of variance conducted for each population separately
conﬁrmed that only tadpoles from the FF population showed
differential responses to the stressors in terms of growth when
compared to the controls, whereas growth of MA tadpoles
exposed to ammonium nitrate or predatory newts was not
different from that of controls (Fig. 2a). Post-hoc tests revealed
that FF tadpoles exposed to the highest fertilizer concentration
(45.2mg N-NHþ4 /L) were signiﬁcantly smaller than controls
(Fig. 2b). Interestingly, the effects of predator presence on FF
larval growth were positive, with tadpoles developing in the
presence of newts being larger than the controls. In addition,
this difference in size was only signiﬁcant when the newts came
from Miranda del Castan˜ar, whereas tadpoles that grew in
aquaria with newts from the same original pond were not
signiﬁcantly affected in terms of body length.
DISCUSSION
The responses of tadpoles to the addition of ammonium
nitrate to the water and to the presence of predatory newts
differed between the two populations tested. Although the body
length of tadpoles from FF exposed to either stressor varied with
respect to controls, no effects of the fertilizer or the predators
were reported for MA individuals. Negative effects of environ-
mentally relevant concentrations of ammonium nitrate on
growth rates of amphibian aquatic stages have been reported
in a number of previous studies [15,19]. The fact that tadpoles
exposed to the fertilizer grew less than controls could be due to a
high energetic investment in detoxiﬁcation mechanisms [25] or
a decrease in food consumption as part of the toxic effects of
the chemical [26]. The disadvantages of a reduced size in
amphibian aquatic stages are well known. Individuals that
reach metamorphosis with a smaller size have lower survival
probabilities during the juvenile period than do larger meta-
morphs [27].
The reasons the two populations with a close geographical
origin (barely 3.25 km in distance) show different responses to
ammonium nitrate are difﬁcult to elucidate. We have shown that
nitrogen concentrations were higher at FF than at MA. Con-
sidering these values, the more tolerant population would be
that coming from the pond with less nitrogen, which is contra-
dictory to what should be expected if local adaptation or
acclimation to high environmental nitrogen would exist. The
nitrogen levels detected at the study sites seem well below those
expected to be harmful to amphibians [28], and thus this kind of
pollution could be unlikely to have acted as a selective pressure
for amphibians inhabiting these ponds. However, Johansson
et al. [22] reported that local adaptation might occur with nitrate
levels even lower than those measured at our study sites.
Common frog (Rana temporaria) tadpoles from localities with
nitrate contents ranging from 0.1 to 2mgN/L were more
tolerant than tadpoles from localities with nitrogen contents
ranging from 0.007 to 0.07mgN/L when chronically exposed to
0 to 5mgN/L.
With regard to the differences between populations in the
response to predatory stress, the only population whose larvae
were affected by the presence of newts was that coming from
one of the ponds in which these newts were collected (FF).
However, the newts whose presence signiﬁcantly affected the
growth rate of tadpoles were those from Miranda del Castan˜ar
and not those from the same place of origin as the larvae. The
history of previous encounters with predators can inﬂuence the
Table 2. Results of the repeated measures of analysis of the variance to analyze the effects of population of origin, ammonium nitrate exposure, and presence of
predatory newts on Pelobates cultripes larval survivala
Source of variation Sum of squares df F p
Time 0.602 1 42.223 < 0.001
Time population 0.008 1 0.551 0.463
TimeNH4NO3 0.034 2 1.186 0.317
Time predator 0.052 2 1.807 0.179
Time populationNH4NO3 0.054 2 1.880 0.167
Time population predator 0.033 2 1.144 0.330
TimeNH4NO3 predator 0.034 4 0.590 0.672
Time populationNH4NO3 predator 0.091 4 1.590 0.198
Error 0.513 36
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Fig. 1. Mortality ratesSE of larvae from two Pelobates cultripes
populations (FF: Fornillos de Fermoselle, Spain; MA: Ma´moles, Spain)
exposed to ammoniumnitrate fertilizer (0, 11.3, or 45.2mgN-NHþ4 /L) and to
the presence or absence of predatory newts from two localities: Fornillos de
Fermoselle and Miranda del Castan˜ar (Spain).
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responses of amphibian tadpoles [29]; however, the presence of
newts in the localities of origin of both populations has been
conﬁrmed [23]. Antipredatory responses of tadpoles in the
wild would not be related only to the presence of a particular
predator species (e.g. T. marmoratus), but to the overall
structure of the community of potential predators in the pond
of origin. In this sense, Relyea [30] showed how phenotypic
responses exhibited by larval L. sylvaticus against predators
were somehow related to the patterns of predator diversity in
their ponds of origin.
However, the response observed in larvae from the FF pond
to the presence of newts does not seem so easy to explain. A
potential response of amphibian tadpoles facing aquatic pred-
ators would be accelerating development in order to reach
metamorphosis as soon as possible, thus minimizing their
exposure time to predators. For example, Kiesecker et al.
[31] noted that metamorphic red-legged frog (Rana aurora)
emerged earlier when raised in the presence of caged predatory
newts than when newts were absent. However, the animals that
emerged earlier were smaller than the controls due to their
shorter larval period. As mentioned above, the smaller a newly
metamorphosed individual is, the lower its survival probability
during the juvenile stage. In the present study, we did not assess
developmental rates, but those animals that experienced a
slower growth rate would have reached metamorphosis either
with a smaller size or later than the controls. In both cases,
survival probabilities of the animals would be compromised.
Most animal species have developed mechanisms for assess-
ing the risk of predation in order to react against the possibility
of being eaten by other species [4]. These reactions include, for
example, the adoption of forms adapted to the presence of
predators, such as being designed to move faster or use a greater
diversity of shelter types [5]. However, the adoption of these
forms leads to an expenditure of energy resources [32], which
may somehow affect the growth of the individual. Another of
the most common defenses induced by predation risk in
amphibian larvae is the reduction of activity in order to reduce
the probability of detection and encounters with predators [33].
This strategy has the inconvenience of diminishing the chances
for feeding.
These responses would contrast with our observations about
the positive effect of the presence of newts on the growth of
larval P. cultripes from FF. However, some cases show that
larvae can respond to the presence of predators by increasing
their activity in order to increase their feeding rate and accel-
erate their development, even if it means increasing the pre-
dation risk [33]. In a recent study, we demonstrated that
larval P. cultripes responded more actively to prodding when
predators were present in the water [17]. Larval P. cultripes can
Fig. 2. Snout-vent length (SVL) SE of larvae from two Pelobates
cultripes populations (a) Ma´moles, (b) Fornillos de Fermoselle exposed
to ammonium nitrate fertilizer and to the presence or absence of predatory
newts. Lowercase letters on top of each ﬁgure indicate homogeneous groups
deﬁned by honestly signiﬁcant difference (HSD) Tukey post-hoc test for
pairwise comparison.
Table 3. Results of the analyses of variance to analyze the effects of population of origin, ammonium nitrate exposure and presence of predatory newts on
P. cultripes larval snout-vent length. Overall and separated results for each speciﬁc population are showna
Source of variation Sum of squares df F p
Overall Population 0.044 1 9.708 0.004
NH4NO3 0.039 2 4.328 0.021
Predator 0.005 2 0.559 0.577
PopulationNH4NO3 0.008 2 0.899 0.416
Population predator 0.008 2 0.852 0.435
NO3NH4 predator 0.003 4 0.145 0.964
PopulationNH4NO3 predator 0.006 4 0.355 0.839
Error 0.163 36
FF population NH4NO3 0.011 2 3.956 0.038
Predator 0.012 2 4.251 0.031
NH4NO3 predator 0.001 4 0.137 0.967
Error 0.025 18
MA population NH4NO3 0.036 2 2.366 0.122
Predator 0.001 2 0.053 0.949
NH4NO3 predator 0.008 4 0.271 0.893
Error 0.137 18
a df¼ degrees of freedom; F¼F statistic; FF¼ Fornillos de Fermoselle; MA¼Ma´moles; p¼ probability.
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reach total lengths of up to 120mm [18], and there may, within
this range, exist a threshold beyond which the natural predators
of these animals (water snakes, urodele larvae or adults, macro-
invertebrate predators) are incapable of eating them. Larger
larvae are generally less susceptible to predation than smaller
ones [34]. According to these observations, we might assume
that the response observed in our FF experiment would be
motivated by the interaction between the response of individ-
uals to the presence of newts and the experimental design. In
those species such as P. cultripes which adopt an increase in
activity in response to predators, there would be a greater
likelihood of predation; however, in the present experiment
there was no real risk of predation, so an increased activity of
the larvae would always be rewarded with obtaining food and
never be hindered by predation.
The positive effect of the presence of newts on the growth of
larval P. cultripes from FF was signiﬁcant only when newts
came from Miranda del Castan˜ar. The population of origin of
predators may be confounded with predator size, being the
newts from Miranda del Castan˜ar larger than those from FF.
Boone and Semlitsch [35] observed that L. catesbeianus larvae
exposed to two different predators were larger than larvae that
were not exposed to predation, and suggested that this could
happen because the predator feces promoted nutrient growth in
the water. Taking this hypothesis into account, the larger a newt
is the higher nutrient production will be, which might explain
why newts with a larger size (those from Miranda del Castan˜ar)
favored P. cultripes larval growth. Nevertheless, we must also
consider that Boone and Semlitsch [35] exposed their tadpoles
to direct predation, and that selective predation on smaller
individuals could exist, whereas the cages used in the present
study prevented tadpoles from being captured by newts. More-
over, predator-related variations among aquaria in nutrient
production did not appear to be too high as deduced from
the absence of differences in nitrogen levels in the water.
Chemical detection is the main mechanism of predator
detection by amphibian tadpoles, whereas the use of visual
cues is usually restricted as a consequence of the characteristics
of tadpole environments, where vegetation, high turbidity and
suspended organic matter limit the visibility [36]. However,
given the characteristics of the experimental enclosures used in
the present study (small dimensions, transparentwater) tadpoleswere
able to detect newts visually, and visual recognition could explain
why tadpoles showed a higher responsiveness to larger newts.
Alternatively, even if we assume that P. cultripes tadpoles
would not increase their activity in search of food when newts
were in the water, it should be noted that the ad libitum feeding
regimen would make increasing their swimming activity to get
food unnecessary. Bridges [37] showed that larval stripped
chorus frog (Pseudacris triseriata) reduced their activity in
the presence of adult newts; however, the amount of time during
which these larvae were feeding was higher in animals exposed
to the predator. The question of how animals would respond if
the food had been a limiting factor needs to be addressed in
further studies.
The articles that examine how the presence of predators
inﬂuences the toxic effect of some pollutants tend to agree on
the description of synergistic or additive effects between both
types of stressors. For example, survival of L. sylvaticus larvae
exposed to 1mg/L of the herbicide glyphosate was 65% in the
absence of predator cues, but when the scent of adult red-spotted
newt (Notophthalmus viridescens) was added to the water,
survival decreased to 30%, with 16-d LC50s of 1.32mg/L of
glyphosate in the absence of signs of newts and 0.55mg/L in the
presence of such signals [38]. Similar results were obtained
when analyzing the inﬂuence of predators on the sensitivity of
amphibians to some pesticides such as carbaryl [39] or mala-
thion [2].
In the case of ammonium nitrate, Grifﬁs-Kyle and Ritchie
[13] found that larvae of L. sylvaticus and A. tigrinum exposed
simultaneously to the fertilizer and the presence of different
predators showed a lower developmental rate than individuals
not exposed to these stressors. Our results, however, do not
deﬁne a clear response of larval P. cultripes to the interaction of
ammonium nitrate with the introduction of newts into the
aquaria. Other studies agree with ours in not detecting the
combined effects of pollution stress and predation risk beyond
the individual action of each stressor. For example, Relyea [40]
noted that variations in pH levels and carbaryl affected the
survival and development of L. catesbeianus and L. clamitans
tadpoles, but the presence of predators such as adult
N. viridescens did not inﬂuence the response of tadpoles to
chemical stress. The underlying reason for the absence of
combined effects could be extracted from the analysis of the
effects of each speciﬁc stressor. Thus, larval growth was
reduced by ammonium nitrate whereas the presence of larger
newts had the opposite effect. The antagonistic action of the two
stressors may therefore prevent the detection of complex
answers, perhaps leading to the underestimation of the fertilizer
toxicity.
Although the presence of predators may increase the sensi-
tivity of individuals to certain contaminants, we must consider
that, in the environment, pollution affects both predators and
prey. The effects of pollution on predator–prey relationships
depend on the relative sensitivity of each organism.
When contamination alters the antipredatory mechanisms of
the prey without affecting the predator’s capture ability, prey
survival will deﬁnitely be compromised [9]. Conversely,
pollutants can reduce the risk of predation as a result of
the increased sensitivity of predators when compared to their
prey [35]. Such differences in the relative sensitivity of
the predator and prey can have serious consequences on the
community structure.
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